 (8/63, 12 
.7%). Among them, patients with elevated values of uric acid or creatinine developed clinical TLS more often than those without such elevation. The incidence of clinical TLS was 33.3% if the patients had renal dysfunction at baseline and were subsequently treated with bortezomib-based regimens (8/24 cases). Conclusion: Patients with renal dysfunction or a high uric acid level receiving bortezomib-based chemotherapy have a high risk of developing TLS.
Tumor lysis syndrome (TLS) is a life-threatening complication associated with cancer chemotherapy for highly proliferative malignancies (1) . TLS is characterized by metabolic abnormalities including hyperuricemia, hyperphosphatemia, hyperkalemia, and hypocalcemia. These metabolic impairments may lead to renal insufficiency, cardiac arrhythmias, and potentially death (2) . Guidelines for the management of TLS were published in 2008 (3), and an expert TLS panel consensus released recommendations in 2010 (4). Prevention and prompt treatment of TLS are crucial; therefore, early recognition of patient condition and evaluation of the risk of developing TLS is important (5-7). TLS usually results from the rapid destruction of cancer cells due to the initiation of chemotherapy. Patients with malignancies that have a high proliferative rate or a large tumor burden, or are highly sensitive to anticancer treatments, have a particularly high risk of developing TLS. TLS is divided into laboratory TLS and clinical TLS. Patients are required to have two or more abnormalities of uric acid, potassium, or phosphorus to be defined as having laboratory TLS (4) . Clinical TLS requires the presence of laboratory TLS in addition to one or more of the following significant clinical complications: renal insufficiency, cardiac arrhythmia/sudden death, or seizures (4, 8) . If patients do not exhibit TLS, they are evaluated for the risk of developing TLS. The risk assessment is based on the type of malignancy, tumor burden, the type of therapy, and renal function of the host. Accordingly, patients are stratified into low-, intermediate-, and high-risk groups.
Multiple myeloma is a clonal neoplasm formed by malignant plasma cells. TLS in patients with multiple myeloma is considered very rare because of the relatively slow proliferation and response of malignant cells to chemotherapy, and is, therefore, classified as a low-risk disease (4, 9) . There have been significant advancements in the treatment of multiple myeloma in the past 10 years (10-12), and new classes and combinations of drugs, including proteasome inhibitors and immunomodulatory drugs (IMiDs), have led to increased survival of patients (13) (14) (15) . The incidence of TLS has not thoroughly been evaluated in patients receiving new agents such as bortezomib and IMiDs, although their improved antimyeloma effects may increase the risk of developing TLS.
In the present study, the incidence of TLS was retrospectively evaluated in patients with symptomatic multiple myeloma receiving chemotherapy at our Institution. The chemotherapeutic modalities included bortezomib, IMiDs, and conventional chemotherapies. The incidence of TLS was compared among different treatments. The risk factors for developing TLS were also sought.
Patients and Methods
Patients. This single-center retrospective study was conducted to assess the incidence of TLS in patients with multiple myeloma. This study was approved by the Ethics Committee of the University of Fukui (Fukui, Japan) (no. 2015064). All procedures performed in studies involving human participants were in accordance with the ethical standards of the Institutional Research Committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Patients who had been diagnosed with symptomatic multiple myeloma and underwent chemotherapy in the University of Fukui Hospital (Fukui, Japan) between April 2006 and December 2015 were evaluated. Symptomatic multiple myeloma was diagnosed according to the International Myeloma Working Group Criteria (16, 17) . The cytogenetic risk was classified into standard risk and high risk, based on conventional cytogenetic studies or fluorescent in situ hybridization. Patients who had 17p-, t(14;16), or t(4;14) were classified as the high-risk group. Normal cytogenetics and other cytogenetic abnormalities were classified as the standard risk group. Staging of multiple myeloma was by International staging system (ISS) based on the serum beta-2-microglobulin (BMG) and albumin levels at diagnosis (18) . All the patients received chemotherapeutic regimens as the first cycle of induction treatment or re-induction treatment after disease relapse. The chemotherapy regimens included bortezomib plus dexamethasone (BD); melphalan plus prednisolone with bortezomib (MPB); thalidomide; lenalidomide plus dexamethasone (Rd); bortezomib plus lenalidomide with dexamethasone (VRD), melphalan plus prednisolone (MP), vincristine plus adriamicin with dexamethasone (VAD); and pomalidomide plus dexamethasone (POMDEX).
The diagnosis of TLS. TLS was diagnosed according to the criteria of Japanese TLS guidance (9) . In brief, laboratory TLS is diagnosed if levels of two or more serum values of uric acid, potassium, or phosphorus are elevated beyond the corresponding upper limit of the normal range within 3 days before or 7 days after the initiation of treatment. Clinical TLS requires the presence of laboratory TLS in addition to one or more of the following significant clinical complications: renal insufficiency (serum creatinine ≥1.5 × upper normal limit), cardiac arrhythmia/sudden death, or seizures.
Study end points. The primary objective was the incidence of TLS in the patients with symptomatic multiple myeloma undergoing chemotherapy. The risk factors that would predict the development of TLS were also sought among the tumor burden and the cytogenetics of multiple myeloma, the type of treatments, and serum parameters including renal function.
Statistical analyses. Graph generation and the statistical analyses were performed using GraphPad Prism software (version 6.0; GraphPad Software, Inc., San Diego, CA, USA). Values of p<0.05 were considered statistically significant.
Results
Patients' characteristics. The study population comprised of 64 patients (35 males, 29 females), with the median age of 71 years (Table I ). The subtypes of monoclonal immunoglobulin (Ig) included IgG, IgA, and Bence-Jones. Cytogenetic analysis demonstrated that eight patients [two with deletion 17, eight with t(4;14)] were classified into the high-risk group. One-third of the patients exhibited ISS III disease. A total of 124 chemotherapy courses were administered, among which 63 courses were bortezomib-based regimens and 34 courses were IMid-based regimens. All patients were classified into the lowrisk group for TLS according to the Japanese TLS guidance (9).
Development of TLS.
All the patients received chemotherapeutic regimens as the first cycle of induction treatment or re-induction treatment after disease relapse. Among 124 chemotherapy courses, TLS occurred in 13 cases (10.5%) with five cases of laboratory TLS (4.0%) and eight of clinical TLS (6.5%). Among them, five patients were positive for t (11;14) by fluorescence in situ hybridization. From the viewpoint of the chemotherapeutic regimen, 11 cases of TLS (three laboratory and eight clinical TLS) occurred along with the treatment with bortezomibcontaining regimens (11/63 cases, 17.5%) (Figure 1 ), while TLS occurred in two cases treated with non-bortezomibbased regimens (VAD, and MP) (2/61 cases, 3.2%) (p =0.014, Chi-squared test; Figure 1) . Surprisingly, no TLS occurred in the patients treated with IMiD-containing regimens (0/34 cases, 0.0%).
The incidence of TLS was evaluated from the serum parameters at baseline (Figure 2) . TLS developed more frequently in patients with elevated serum uric acid (37.5% vs. 4.4%), creatinine (25.5% vs. 
Clinical TLS.
Clinical TLS occurred in eight out of 124 chemotherapy courses (6.5%). All these patients received bortezomib-containing regimens (8/63, 12.7%) (Table II; Figure 1 ). The patients exhibiting elevated baseline uric acid (20.8% vs. 3.3%) or creatinine (14.9% vs. 0%) developed clinical TLS more often than those who did not ( Figure 5) . Importantly, the incidence of clinical TLS was 33.3% when patients had renal dysfunction at baseline and were subsequently treated with bortezomib-based regimens (8/24 cases).
Discussion
The present study retrospectively analyzed the incidence of TLS in patients with symptomatic multiple myeloma at our Institution. TLS occurred in 10.5% of all chemotherapy courses, with 4.0% laboratory TLS and 6.5% clinical TLS (Table I ). The incidence of TLS was 17.5% for bortezomibcontaining regimens, while no TLS occurred in the patients treated with IMiD-containing regimens (Figure 1) . TLS developed more frequently in patients with hyperuricemia, renal dysfunction, or advanced disease (Figures 2-4) . The incidence of clinical TLS was 33.3% when patients had renal dysfunction and were subsequently treated with bortezomibbased regimens ( Figure 5) .
TLS is thought to be rare in multiple myeloma because the antimyeloma activity of conventional chemotherapy (MP regimen) is insufficient to induce enough cytoreduction to develop it (13) . Japanese TLS guidance classifies multiple myeloma as a low risk disease for the development of TLS (9) . But the risk may increase if the case has a high myeloma cell percentage in bone marrow, or the presence of myeloma cells in peripheral blood, or del (13) , and receives treatments using new agents (9) . New agents such as proteasome inhibitors and IMiDs have been employed in first-line treatment regimens, that have improved significantly the prognosis of symptomatic myeloma (19) . The frequency of TLS may, therefore, increase because of the greater 
. The comparison of the laboratory findings at baseline between the patients who developed tumor lysis syndrome (TLS+) and those who did not (TLS−). A: Serum uric acid. B: Serum creatinine. C: Estimated glomerular filtration rate. D: Serum potassium. E: Serum corrected calcium. F: Serum beta-2-microgloburin (BMG). Mann-Whitney U-test was used for statistical analyses.
cytotoxicity of new agents and an awareness of TLS after the introduction of TLS guidelines. The incidence of TLS associated with multiple myeloma has seldom been evaluated in large-scale studies after TLS guidelines were published. Sezer et al. reported eight episodes of TLS in seven patients with bortezomib-based treatment among 496 patients (20) . Biochemical abnormalities resolved with supportive therapy in six patients but proved fatal in one patient (20) . Suzuki et al. investigated parameters that could predict the development of TLS in patients undergoing bortezomib treatment (21) . They retrospectively reviewed 35 patients with relapsed or refractory myeloma treated with bortezomib-containing regimens. They revealed that clinical TLS occurred in six patients (17.1%) during the first course of bortezomib-containing treatment among all the patients. They found that TLS occurred more often in patients with rapidly progressive anemia. The incidence of clinical TLS in our study was compatible with theirs (12.7%) (Table II, Figure 1 ). There have been several case reports regarding TLS associated with multiple myeloma. Terpos et al. reported a 34-year-old man with stage IIIA IgG-K myeloma who relapsed after autologous stem cell transplantation (22) . At baseline, nearly 100% of the bone marrow cells were replaced by plasma cells, and his serum creatinine and uric acid levels were 85 μmol/l and 0.44 mmol/l, respectively. He was treated with bortezomib at a dose of 1.3 mg/m 2 twice weekly for 2 weeks in a 3-week cycle. TLS arose after the second dose of bortezomib. The next dose of the agent was delayed and symptomatic treatment was successfully performed. Dhanraj et al. reported a 65-year-old man with ISS III multiple myeloma (23) . Thirty percent of bone marrow cells were occupied with plasma cells. His serum creatinine level was 1.3 mg/dl. He developed clinical TLS 48 h after the administration of bortezomib (1.3 mg/m 2 ) and dexamethasone (40 mg/body) in combination. The patient of this latter study died despite intensive treatments including hemodialysis and mechanical ventilation. TLS was also reported to be found in patients who were treated with thalidomide (24) (25) (26) . Thus, including our present investigation, TLS appears to have occurred more frequently in recent years than before in patients with myeloma, since patients have been treated more aggressively with new agents.
The present study demonstrated that TLS develops more frequently in patients with elevated serum uric acid, creatinine, BMG, and with advanced ISS or the presence of plasma cells in peripheral blood (Figures 2 and 4) . These determinants were compatible with those previously pointedout as risk factors. Moreover, one thing to be emphasized is that all the patients presenting clinical TLS were treated with bortezomib, while no patient treated with IMiDs developed laboratory and clinical TLS (Figure 1 ). TLS risk may be higher for treatment with bortezomib.
The development of TLS associated with multiple myeloma has not yet been investigated thoroughly after the introduction of new agents and the publication of TLS guidelines. The present study conclusively demonstrates the high risk of TLS in patients with renal dysfunction receiving bortezomib.
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